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ABSTRACT

A supplemental respiratory gas supply control appara
tus and method for providing supplemental gas to an in
vivo respiratory system includes a pressure sensor
adapted to produce pressure indicative signals indica
tive of pressures sensed, a gas flow control valve, a
sensor communication control valve, and a central con

trol unit adapted to receive pressure indicative signals
generated by the pressure sensor and to control the gas
control valve and the sensor communication control
valve in accordance with the signals received. The gas
control valve is connected to a source of supplemental
gas at regulated pressure and has two positions, a first
position isolating the source of supplemental gas from
the single hose cannula and a second position communi
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allow the pressure sensor to sense the pressure within
the hose and a second mode in which the pressure sen
sor is placed in communication with the ambient atmso
phere. The central control unit initially places the gas
control valve in the first position and the sensor com
munication valve in the first mode to monitor the pres
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EXHALATON

GAS
POSITION

cating the source of supplementary gas with the cannula
hose to provide a flow of supplementary gas to the in
vivo respiratory system. The pressure sensor communi
cation control valve has a first mode placing the pres
sure sensor in communication with the cannula hose to

sure within the cannula hose.
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ally, in these systems, the pressure sensing device is first
connected to the cannula to monitor pressure within the

RESPIRATORY GAS SUPPLY APPARATUS AND

hose. Upon detection of a negative pressure conveyed
through the cannula hose to the pressure sensor, indicat
ing the initiation of inhalation at the beginning of a

METHOD

TECHNICAL FIELD

The present invention relates generally to systems for
providing supplemental respiratory gas to in vivo respi
ratory systems and, more particularly, to a method and
apparatus for providing supplemental oxygen to assist
the respiratory function of patients. Most particularly,
the present invention relates to a method and apparatus
for providing supplemental oxygen, on demand,
through a single hose cannula to aid respiration by the
in vivo respiratory system of a patient.

respiratory cycle, supplemental oxygen under pressure
is introduced into the cannula for a predetermined per!
which supplemental gas is provided during each respi

iod of time. In these systems, the time interval over
O
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BACKGROUND OF THE INVENTION

The basic prior art systems for providing supplemen
tal respiratory gases have consisted of a source of sup
plemental gas at a requlated pressure which is con
nected to a cannula hose with outlets for dispelling the
supplemental gas in one or both nares of a patient's nose.
These systems deliver oxygen at a constant rate without
regard to the patient's respiratory cycle. Thus, a flow of
oxygen is provided constantly by these systems, not
only during the inhalation portion of the respiratory 25
cycle characterized by negative pressure at the nares
and the drawing in of respiratory gases, but also during
the exhalation portion of the cycle characterized by
positive pressure at the nares and the expelling of gas
from the in vivo respiratory system. This approach not 30
only wastes supplemental gas which is vented to the
ambient atmosphere during exhalation, but further,
where the supplemental gas is oxygen, may create an

oxygen enriched atmosphere about the patient's face

ratory cycle must be pre-determined, and cannot be
controlled by the occurrence of positive pressure char
acteristic of the exhalation portion of the respiratory
cycle. This is because the residual local high pressure of
the supplemental gas introduced into the cannula hose,
which results from the pressure gradient along the
length of the hose associated with the flow of supple
mental gas to the nare, masks the cycle indicative pres
sures which would otherwise propagate through the
cannula hose from the nare. Thus, in single hose sys
tems, the length of the oxygen supply interval is typi
cally set manually at a constant value.
Alternatively, in these systems, supplemental gas is
not introduced during selected respiratory cycles so
that cycle indicative pressures in the cannula hose can
be monitored and the duration of the inhalation portion
of a sample cycle determined. The duration of the sam

ple cycle is then utilized as a basis for setting the dura
tion of one or more subsequent supplemental gas supply
intervals. Concomitant with this latter approach is a
reduction in overall supply of oxygen which, in turn,

generally results in a lower concentration of supplemen
tal gas in the blood stream of the patient than would

result from supplying supplemental gas during the inha

lation portion of every respiratory cycle.
Further problems occur in these prior art single hose
cannula systems due to their valving and switching
arrangements. Typically, the single hose prior art de
vices utilize a two-position three-port valve with a first
port connected with the interior of the cannula hose and
the second and third ports connected to the supplemen
tal gas supply and the pressure sensor, respectively. In
one position, the valve will connect the first port with
the second port and in an alternative position, the valve
45 will connect the first port with the third port. A control
device switches the valve between these two positions
so that, at any time, either the pressure sensor or the
supplemental gas supply is in communication with the
of the two hose cannula is dedicated to communicate a
pressure sensor with a nare so that the sensor may sense cannula hose. Difficulties with such systems arise where
positive and negative pressures at the point of inhalation 50 pressure transducers or piezo-electric pressure detec
which are associated with the respiratory cycle. The tion devices are utilized to measure pressures within the
pressure sensor is then used to control the flow of sup cannula hose because, when the position of the three
plemental gas from a constant pressure gas source into port valve is changed from the gas supply position to
the pressure sensing position, a high residual pressure is
the second hose of the cannula and on to the second
nare to provid a flow of supplemental gas only during 55 present at the location of the first port in the cannula
periods of negative pressure characterizing the inhala hose for a time after the switch due to the pressure
tion portion of the respiratory cycle. While such sys gradient along the hose associated with the flow of
tems may be effective in reducing waste of the supple Supplemental gas to the point of gas introductin at the
mental gas and reducing oxygen concentrations in the nare. These high pressures often cause the calibration
local atmosphere, double hose cannulas are cumber point of pressure sensors to drift excessively and may
some and expensive in comparison to the single hose damage the pressure sensors.

which creates a danger of fire related injury. These
problems related to continuous supplemental gas supply
systems are aggravated by the fact that the exhalation
portion of an in vivo system's respiratory cycle is com
monly of a longer duration than the inhalation portion
of the cycle, thus wasting a larger portion of the supple
mental gas.
Demand systems are known in the prior art which
utilize a dual hose cannula and pressure sensing device
to provide supplemental gas only during the inhalation
portion of the respiratory cycle characterized by nega
tive pressure at the nares, or point of inhalation by the
in vivo system. Typically, in such systems, a first hose

35

variety, thus increasing the expense and reducing the

DISCLOSURE OF THE INVENTION

utility of such systems.
Other demand systems of the prior art have at

tempted to utilize a single hose cannula to both commu
nicate a pressure sensing device with a nare at the point
of inhalation of the in vivo respiratory system and to
provide supplemental gas to the in vivo system. Gener

65

It is an object of the present invention to provide a
single-hose cannula supplemental respiratory gas supply
System for an in vivo respiratory system.
It is a further object to provide a single-hose supple
mental respiratory gas supply system which can pro

3
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the beginning of each individual respiratory cycle, the
appropriate period over which to supply supplemental

gas during that respiratory cycle.

Yet another object of the present invention is to pro
vide a single-hose cannula supplemental respiratory gas
Supply system which utilizes a pressure sensing device
to detect the initiation of each respiratory cycle to initi
ate administration of a supplemental gas, yet does not
allow the pressure sensing device to be subject to high
residual supplemental gas pressures within the cannula
hose.

O
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in the first mode, the sensor valve unit communicates
55

hose. In the second mode, the sensor valve unit commu

nicates the pressure sensing device with the ambient
atmosphere so the pressure sensed by the sensing device
is ambient atmospheric pressure, or zero gauge pres
SU.

The gas valve unit is structured in such a manner that,
when no power is available to the unit, it will be at
repose in the second position. Thus, in the case of a

will be provided continuously through the cannula hose

to the in vivo system.

The control unit then continues to monitor the pressure
indicative signal to determine the pressure, relative to
the threshold pressure, within the cannula hose.
Upon occurrence of a negative pressure indicative
signal indicative of a pressure less than atmospheric
pressure, the control unit initiates a time delayed switch
of the sensor valve from the first mode to the second
mode while continuing to monitor the negative pressure
indicative signal characteristic of inhalation at the be
ginning of the respiratory cycle. After a predetermined
pressure-peak-determination time interval, the pressure
sensor is switched to atmospheric pressure.
After a supplemental-gas-administration-delay inter

val, following the time the sensor valve is switched

from the first to the second mode, the gas valve is
switched from the first position to the second position
to connect the supplemental gas source to the cannula
hose and begin an interval of supplemental gas adminis
tration.

The duration of the supplemental gas administration
interval over which supplemental gas is supplied to the
in vivo system is determined by the control unit based
upon the absolute magnitude of the greatest negative
pressure indicated during the pressure-peak-determina
tion interval. Generally, the more negative the peak
pressure during the interval, the longer the duration of

the supplemental-gas-administration interval. At the

end of the supplemental gas administration interval, the
control unit switches the gas valve back to the first
position to shut off the supply of gas and isolate the
cannula hose from the supplemental gas source.
After isolating the gas supply, the control unit delays
switching the sensor valve from the first to the second
mode until the expiration of a sensor-connection-delay
interval. This sensor-connection-delay interval, while
inconsequential relative to the duration of the inhalation
or exhalation portions of the respiratory cycle, is of
sufficient duration to provide adequate time for the

pressure differential between the portion of the cannula

hose which is in periodic communication with the Sup
plemental gas supply source and the pressure at the

sor valve unit which has two alternative modes. When

power failure, so long as supplemental gas under pres
Sure is provided to the gas valve unit, supplemental gas

ing the pressure sensor in communication with the at
mosphere. Upon startup, the control unit monitors the
pressure indicative signal of the pressure sensing device
to calibrate the system to a threshold pressure indicative
signal at atmospheric, or Zero gauge, pressure. Once
calibration is completed, the gas valve unit is switched
to the first position and the sensor valve unit is switched
to the first mode, placing the pressure sensing device in
communication with the interior of the cannula hose.

Still further, it is an object of the present invention to
provide a supplemental respiratory gas supply system
which will calibrate to ambient atmospheric pressure at
the beginning of each operational period to compensate
for effects of changes in mechanical and electrical com
ponents of the system over time.
It is another object of the present invention to pro
vide a supplemental respiratory gas supply system
which will sound an alarm upon the occurrence of an
25
apneic event.
Still further, it is an object of the present invention to
provide a Supplemental gas supply system which will
continue to provide supplemental gas to the in vivo
system during power or control system failure.
In accordance with these objectives, the supplemen 30
tal respiratory gas supply apparatus and method of the
present invention utilizes a control unit responsive to
pressure indicative signals from a pressure sensing de
vice to control two independent valve units to provide
supplemental gas to an in Vivo respiratory system 35
through a single-hose cannula. A gas valve unit controls
the flow of supplemental gas from a supplemental gas
source at regulated pressure to the single-hose cannula
and a sensor valve unit selectively communicates the
pressure sensing device with the interior of the single
hose of the cannula or with the ambient atmosphere.
A supply of supplemental gas, preferably at a con
stant regulated pressure greater than atmospheric pres
sure, is connected to the gas valve unit which is, in turn,
connected with the cannula hose. When in a first posi 45
tion, the gas valve unit blocks off and isolates the sup
plemental gas supply source. When switched to a sec
ond position, the gas valve unit places the constant
pressure supplemental gas source in communication
with the cannula hose to provide a flow of gas through 50
the cannula hose to the in vivo respiratory system.
The pressure sensing device is connected to the sen
the pressure sensing device with the cannula hose to
allow the sensing device to sense the pressure within the

4.

When operation of the supplemental respiratory gas
supply system is initiated, and power is provided to the
system, the gas valve unit remains in the second position
and the sensor valve is placed in the second mode, plac

vide supplemental gas for only an appropriate duration
during each respiratory cycle coinciding with the inha
lation portion of the particular respiratory cycle. Thus,
it is an object of the present invention to determine, at

65

point of introduction of gas to the in vivo system to

become very small due to the decrease in pressure gra
dient over the length of the cannula hose resulting from
diminishing supplemental gas flow over the delay per
iod. The sensor-connection-delay interval, together
with the supplemental-gas-administration-delay inter
val, assures the pressure sensing device will not be sub
ject to pressures within the cannula hose sufficiently
high to cause excessive calibration drift or damage the
pressure sensing device.
From the above description, it will be evident that the
method by which the respiratory gas supply control
apparatus of the present invention provides Supplemen

tal respiratory gas in response to demands of the in vivo

5
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system includes connecting the pressure sensing device
to the cannula hose to continuously measure the pres
sure within the cannula hose; monitoring the pressure
within the cannula hose until the time of an initial oc
currence of a pressure less than atmospheric pressure;
waiting a predetermined period of time after the time of
initial occurrence of a pressure less than atmospheric
pressure; recording the peak negative pressure which
occurs within the cannula hose during that period of
time; disconnecting the pressure sensing device from
the cannula hose; waiting a predetermined time after
disconnecting the pressure sensing device; connecting a
Source of supplemental gas to the cannula hose to begin
a period of supplemental gas administration; continuing
to provide supplemental gas to the in vivo system for a
time interval based upon the absolute magnitude of the
peak negative pressure recorded; at the end of the sup
plemental gas administration interval, disconnecting the
source of supplemental gas from the cannula hose; wait
ing a predetermined period of time after disconnecting
the source of supplemental gas from the cannula hose;
reconnecting the pressure sensing device to the cannula
hose and again continuously monitoring the pressure

within the cannula hose to successively repeat the fore

going steps to provide supplemental gas to the in vivo
respiratory system on a continuing basis.
The control unit of the present invention further

includes a timing device to time the interval between
successive supplemental gas supply cycles. Should that
time exceed a predetermined time, an apneic event
alarm is sounded.
Other objects, advantages and aspects of the inven
tion will become apparent upon reading of the follow
ing detailed description and claims and upon reference
to the accompanying drawings.

6
port 21 of gas valve unit 20 by pressure regulator 51.
Gas valve unit 20 is responsive to a control signal gener
ated by control unit 100 to switch between two posi
tions. When in the first position, gas valve unit 20 seals
off the supplemental gas supply and isolates it from the
cannula hose 60. When in the second position, gas valve

unit 20 places gas valve unit input port 21 in communi
cation with gas valve unit output port 22 to allow sup
plementary gas at a constant pressure of, for example,
O

15

20 sensor valve unit 30 is in communication with the inte

rior of cannula hose 60 and atmospheric pressure port

33 of sensor unit 30 is open to ambient atmospheric
pressure. Sensor valve unit 30 is responsive to control
signals generated by control unit 100 to switch between

25 two modes. When sensor valve unit 30 is in the first

mode, pressure port 31 is placed in communication with
cannula port 32, the pressure sensing port 41 of pressure
sensor 40 is in communication with the interior of can
30

35

BRIEF DESCRIPTION OF THE DRAWINGS

nula hose 60, and, thus, pressure sensor 40 will sense
pressure within the cannula hose 60. When sensor valve
unit 30 is in the second mode, pressure sensor port 31 is
placed in communication with atmospheric pressure
port 38 and pressure sensor 40 will sense ambient atmo

spheric, or zero gauge, pressure. Valve units 20 and 30
are preferably fast-acting, energy efficient valve mecha
nisms and may be, for example, solenoid activated pop

pet valves.
Pressure sensor 40 may be any of the many well
known pressure sensing devices of the art capable of
producing a pressure indicative signal indicative of the
pressure at a pressure sensing port and may be, by way

FIG. 1 is a block diagram of a supplemental respira
tory gas supply apparatus embodying the present inven
On.

FIG. 2 is a graphic representation of the relationship
between the switching of the position of the gas valve
and the switching of the mode of the sensor valve,
represented by graphs B and C, respectively, relative to
pressure occurrences in the cannula hose characteristic
of the in vivo respiratory cycle, represented by graph

22 psi, from pressure regulator 51 to flow into cannula
hose 60 to supply supplemental gas through the cannula
hose to the point of inhalation of the in vivo respiratory
system at 61.
Sensor valve unit 30 provides alternative communica
tion between pressure sensor 40 and the interior of the
cannula hose 60 or between pressure sensor 40 and
ambient atmospheric pressure. Pressure sensor port 31
of sensor valve unit 30 is connected to pressure sensing
port 41 of pressure sensor 40, while cannula port 32 of

45

of example, a pressure transducer or piezo-electric de
vice. Control unit 100 of the exemplary supplemental
respiratory gas supply apparatus 10 of FIG. 1 is adapted
to receive the pressure indicative signals of pressure
sensor 40 and to control the position of the gas valve

A.

unit 20 and the mode of the sensor valve unit 30 in a

FIG. 3 is a more detailed block diagram including

programmed manner in accordance with the pressure

elements of the control unit of a supplemental respira
tory gas supply apparatus embodying the present inven

50

tion.

FIG. 4 is a detached schematic diagram of the electri

cal circuitry of an exemplary preferred embodiment of
a supplemental respiratory gas supply apparatus accord
55
ing to the present invention.
DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a simplified block illustration of a supple
mental respiratory gas supply control apparatus 10 in

cluding an embodiment of the present invention. Sup

plemental respiratory gas supply control apparatus 10
comprises gas valve unit 20, sensor valve unit 30, pres
sure sensing device 40 and control unit 100.
Gas valve unit 20 controls the flow of supplemental
respiratory gas at constant pressure to cannula hose 60.
Supplemental respiratory gas, for example, oxygen,
from source 50 is provided at constant pressure to input

indicative signals received from pressure sensor 40.
Gas valve unit 20 is configured in such a manner that,
when no power is provided to the supplemental respira
tory gas supply system, gas valve unit 20 will be in
repose in the second position. This power off configura
tion of valve unit 20 assures that, should there be a
power failure, supplemental respiratory gas will be
provided to the in vivo respiratory system through the
cannula hose 60 on a continuous basis so long as supple
mental gas at constant pressure is provided to the input
port 21 of gas valye unit 20.
When operation of the supplemental respiratory gas
supply unit is initiated, and power is provided to the
control unit, gas valve unit 20 remains in the second
position, while sensor valve unit 30 is switched to its

Second mode placing pressure sensing port 41 of pres
Sure Sensor 40 in communication with the ambient at
mosphere. Thus, pressure sensor 40 will generate a
pressure indicative signal indicative of ambient atmo
spheric, or zero gauge, pressure. Control unit 100 then

7
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sensor 40 indicative of the threshold pressure.

Once control unit 100 has calibrated to the threshold

signal, control unit 100 switches the gas valve 20 from
the second to the first position to isolate the supplemen

tration interval is determined by control unit 100 in
accordance with a predetermined relationship to the

tal gas source from the cannula and, after a time delay as

explained below, switches sensor valve 30 from the

second mode to the first mode placing pressure port 41

of sensor 40 in communication with the interior of can

nula hose 60. Control unit 100 then monitors the pres
sure indicative signals of pressure sensor 40. With gas
valve unit 20 in the first position, isolating the supple
mentary gas source at constant pressure from cannula
hose 60, pressures within the cannula hose will be deter
mined by propagation of pressures from the point of
interface between the in vivo respiratory system with

cannula hose, 61, to the point of communication with
pressure sensor 40. Thus, pressure sensor 40 will pro
duce a pressure indicative signal characteristic of the
respiratory cycle of the in vivo respiratory ststem.
In response to the pressure indicative signals received
from pressure sensor 40, control unit 100 controls gas
valve unit 20 and sensor valve unit 30 in a programmed
manner as graphically represented in FIG. 2. In that
illustration, the top graph, A, represents the respiratory
cycle of the in vivo respiratory system as characterized
by the variation in pressure, relative to atmospheric
pressure, over time corresponding to inhalation and
exhalation at interface point 61 with the cannula hose
60. The characterizing pressure pattern propagates
down the cannula hose 60 to the point of communica
tion with the cannula port 32 of the sensor valve unit 30
to the pressure sensing port 41 of the pressure sensor
unit 40 when the sensor valve unit 30 is in the first

8

supplemental respiratory gas to flow into the cannula
hose and begin a supplemental gas administration inter
val, as indicated in FIG. 2C.
m
The duration, Atsup of the supplemental gas adminis

calibrates to this pressure indicative signal of pressure

O

absolute magnitude of the peak negative pressure, Pl,
indicated by the presssure indicative signal of pressure
sensor 40 during the peak-pressure-determination inter
val Atc. Due to the short duration of the peak-pressure
determination interval, this will most commonly be the

pressure that occurs at the time sensor valve unit 20 is
switched from the first to the second mode, t. The
relationsip between the supplemental gas administration

15
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25

30

period Atsu and the peak pressure P may be, for exam
ple, a linear relationship of the nature Atsup = a Pi,
where a is a mathematical constant, or may be any
other functional relationship determining Atsu depen

dent upon the pressure P.
At the end of the supplemental gas administration
interval, at a time t2, control unit 100 switches gas valve
unit 20 from the second position back to the first posi

tion to isolate the supplemental gas supply and end
administration of supplemental gas to the in vivo sys
tem. After switching gas vilve unit 20 from the second
to the first position, control unit 100 delays switching
the sensor valve 30 from the second mode to the first
mode until a time t2', a predetermined sensor-connect
delay interval At2 after time t. With the pressure sens
ing port 41 of pressure sensor 40 in communication with
the interior of cannula hose 60, a supplemental gas ad
ministration cycle will again be initiated upon the oc
currence of a negative pressure indicative of the begin
ning of an vivo respiratory cycle.
The peak-pressure-determination interval, At 1 and
sensor-connect-delay interval, At2, of the control cycle
of control unit 100 are each of a brief and inconsequen
tial duration relative to the overall period of the in vivo
system's respiratory cycle and are each of a fixed, pre
determined duration. Imposition of the supplemental
gas-administration delay interval, Ati, between discon
necting the pressure sensor from the cannula hose and
introducing the pressurized supplemental gas into the

mode. Pressures represented above the baseline in 35
graph A are pressures greater than atmospheric pres
sure and are indicative of the exhalation portion of a
respiratory cycle. Pressures below the baseline are neg
ative pressures and are indicative of the inhalation por
tion of respiratory cycles. Thus, the points at which the
line representing pressure crosses from above to below
the line, indicating a change from positive to negative
pressure, at time to, are indicative of the beginning of
inhalation and the initiation of a respiratory cycle. In interior of cannula hose 60 insures the pressure sensor
FIG. 2, graphs B and C represent the position of the gas 45 40 will not be subjected to high pressure within in the
cannula hose associated with supplemental gas adminis
valve unit 20 and the mode of the sensor valve unit 30,
respectively, as determined by control unit 100 in re tration. Imposition of the sensor connection delay inter
sponse to the pressure pattern of graph A associated val, At2, between disconnecting the source of supple
with the in vivo respiratory cycle.
mental gas from the cannula hose 60 and placing the
Upon receiving a pressure indicative signal indicative 50 pressure sensor 40 in communication with the cannula
of a pressure less than atmospheric pressure, at time to, hose 60 allows the pressure gradient between the point
control unit 100 initiates a time delayed switching of the of interface with the in vivo system and the region of
sensor valve unit 30 from the first mode to the second
the hose near the point of gas introduction and pressure
mode. Control unit 100 continues to monitor the in
determination to decline sufficiently to assure the pres
creasing negative pressure over a set predetermined 55 sure at the base of the hose is not sufficient to damage,
peak-pressure-determination interval, Atc, until time t1, or aggravate the drift of, pressure sensor 40.
As explained above, the peak negative pressure dur
at which time, as illustrated by graph C of FIG. 2, con
trol unit 100 generates a signal to switch sensor valve ing the peak-pressure-determinations interval, Pl, will
unit 30 from the first mode to the second mode, discon most commonly occur at the end of the peak-pressure
necting pressure sensing port 41 of pressure sensor 40 determination interval, at time t. Thus, the peak-pres
from the cannula hose and communicating pressure sure-determination interval, Ate, of the control cycle
sensor port 41 with atmospheric pressure port 33 at may be considered to provide a fixed base period cver
atmospheric pressure. At a time ti", after delaying a which the magnitude of the negative pressure charac
predetermined supplemental-gas-administration-delay teristic of the beginning of inhalation increases so that
interval At from the time of switching sensor valve unit 65 the absolute magnitude of the pressure P1 at the end of
30 from the first mode to the second mode, t1, control that period is indicative of the rate of change of pressure
unit 100 generates a signal to switch gas valve unit 20 at the time of initiation of inhalation. This rate of change
from the first position to the second position to allow at the beginning of inhalation may in turn be related to
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the expected duration of the inhalation portion of the 100. In the embodiment of FIG.3, the pressure indicative

signal of sensor 40 is amplified by amplifier 110 before
reaching peak detector 112.
Peak detector 112 receives the amplified pressure
by maintaining the initial interval, Atc, over which the 5 indicative signal and produces a modified pressure in
magnitude of the pressure increases constant, the mag dicative signal which is indicative of a pressure identical
nitude of P1 itself provides a basis for determination of to the pressure indicated by the amplified pressure in
the appropriate duration of supplemental gas adminis dicative signal except beginning at any time the ampli
tration at the beginning of the cycle. Those familiar fied pressure indicative signal indicates a pressure
with the art will understand that the rate of change in 10 which is increasing at a rate which exceeds a predeter
pressure at the time of negative pressure occurrence mined maximum rate of increase. Upon such an occur
might also be determined from pressure history just rence, the modified pressure indicative signal will indi
prior to the occurrence of inhalation or by a digital or cate a pressure increasing constantly at a rate corre
sponding to the predetermined maximum rate until the
analogue differentiating device.
pressure
indicated by the modified signal is again identi
From the above description, it can be seen that the
method utilized by control unit 100 of the exemplary cal to that indicated by the amplified pressure indicative
signal. Peak detector 112 will then again produce a

respiratory cycle and the expected volume of respira
tory gases which will be drawn in by the in vivo respira
tory system in the course of the respiratory cycle. Thus,

embodiment to provide supplemental respiratory gas to
an in vivo respiratory system in response to demands by
the in vivo system includes first connecting the pressure
sensor 40 to the cannula hose 60 to continuously moni

20

modified signal indicative of a pressure identical to the
pressure indicated by the amplified signal until the am
plified signal again indicates a pressure increasing at a

rate in excess of the predetermined maximum rate. Dur
ing
the calibration period, the modified pressure indica
within the cannula hose is then monitored until the time,
signal produced by peak detector 112 will thus be
to, of an initial occurrence of a pressure less than atmo tive
indicative
of a pressure equal to the pressure indicated
spheric pressure. After the occurrence of a pressure less 25 by the pressure
indicative signal of pressure sensor 40.
than atmospheric pressure, at time to, control unit 100
As
described
above, when operation of the supple
waits a predetermined period of time, Atc., after time to, mental respiratory
gas supply system of the preferred
until a time t1 and, at that time, records the value of the embodiment of FIG. 3 is initiated and power is first
most negative pressure, P1, occurring within the can provided to the system, gas valve unit 20 remains in the
nula hose during the period of time Atc. and disconnects 30 second
and sensor valve unit 30 is positioned in
the pressure sensing device from the cannula hose. Con the firstposition
mode.
This
place pressure sensing device
trol unit 100 then waits a predetermined period of time 40 in communicationwill
with
the ambient atmosphere and
At 1, after t, until a time t' and, at that time, connects
pressure sensor 40 will produce a pressure indicative
the source of supplemental gas at predetermined con signal indicative the threshold pressure. A modified
stant pressure to the cannula hose to begin a supplemen- is signal indicative of the threshold pressure produced by
tal gas administration interval of providing supplemen peak detector 112 causes comparator 114 to in turn
tal gas to the in vivo respiratory system. Supplemental produce
a signal which causes latch 115 to activate
gas is then provided to the in vivo system for a time ramp generator 116. Ramp generator 116 then produces
interval Atsu, the duration of which is dependent uopn a trial calibration atmospheric pressure indicative signal
the value of P1 in accordance with a predetermined 40 indicative of a pressure decreasing linearly with time.
relation. At the end of the time interval Atsup at a time When the magnitude of the pressure represented by the
t2, control unit 100 disconnects the source of supple trial calibration atmospheric pressure indicative signal
mental gas from the cannula hose to end the supplemen. generated by the ramp generator 116 matches the mag
tal gas administration interval. After disconnecting the nitude of the pressure represented by modified pressure
source of supplemental gas at time t2, control unit 100 45 indicative signal received from the peak detector 112, a
waits a predetermined period of time At? until a time t'2, signal produced by comparator 114 causes latch 115 to
and, then, reconnects the pressure sensor device to the signal ramp generator 116 to cease generating the de
cannula hose to again continuously monitor the pres creasing pressure signal and to generate a constant cali
sure within the cannula hose. This process is succes brated atmospheric pressure indicative threshold signal
sively repeated to provide supplemental gas to the in 50 so long as power is continuously provided to the supple
vivo respiratory system on a continuing basis. Those mental respiratory gas supply unit. Thus, the supple
familiar with the art will understand that the time inter
mental respiratory gas supply unit is calibrated to ambi
val of supplementary gas administration, Atsup may be ent atmospheric pressure under the current mechanical
made dependent upon other parameters. For example, and electrical status of pressure sensor 40 and control
the instantaneous rate of change at the time of the initial 55 unit 100.
occurrence of negative pressure at the beginning of an
Once control unit 100 of the exemplary preferred
inhalation portion of a respiratory cycle. Also, Atsup embodiment has calibrated to the threshold pressure as
might be set at a fixed predetermined interval of time.
described above, when a modified pressure indicative
FIG. 3 is a more detailed block diagram of a pre signal indicative of a pressure less than atmospheric
ferred embodiment of the supplemental respiratory gas 60 pressure is produced by peak detector 112, that signal
supply apparatus of the present invention showing com will cause comparator 114 to produce a signal indicat
ponent elements of the control unit 100. In the preferred ing inhalation to "one shot' 118. Upon receiving an
embodiment of FIG. 3, gas valve unit 20 is constructed inhalation signal from comparator 114, one shot 118
tor the pressure within the cannula hose. The pressure

in such a manner that it is in the second position when produces a cycle signal for a predetermined, minimum
in repose in the power off state. Pressure sensor 40 is a 65 set interval of time. Thus, one shot 118 will produce a
piezo-electric pressure sensor which generates an elec continuous cycle signal throughout any period of nega
trical voltage signal which is received by control unit tive pressure indication by the modified pressure indica
tive signal produced by peak detector 112.
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When the cycle signal produced by one shot 118 is
received by sensor valve unit signal generator 122, sig
nal generator 122 immediately signals valve 30 to

switch from the power on first mode, communicating
pressure port 41 of sensor 40 with the interior of can
nula hose 60, to the second mode, placing pressure port
41 in communication with ambient atmospheric pres
sure. In response to the cycle signal, gas valve unit
signal generator 120 delays a period of time correspond
ing to the supplemental-gas-administration-delay inter
val before signaling gas control valve 20 to switch from
the first position to the second position to place the
supplemental respiratory gas supply in communication
with the interior of cannula 60 to provide supplemental
gas to the in vivo respiratory system.
Conversely, when one shot 118 ceases to generate a
cycle signal signal generator 120 immediately signals
gas valve unit 20 to switch from the second position to

O

15

the first position to isolate the supplemental respiratory

gas source from the cannula. When the cycle signal
produced by one shot 118 is no longer received by
sensor valve unit signal generator 122, a delay corre
sponding to the sensor-connect-delay interval, At, is
provided before control signal generator 122 signals
sensor valve unit 30 to switch from the second position
to the first position to place pressure port 41 of pressure

20

25

timer circuit 130 is provided to activate an apneic event
alarm 132 should a respiratory cycle of the in vivo
respiratory system not occur during a time period
longer than a predetermined duration. Timer 130 is
configured to receive the cycle control signal generated
by one shot 118 and, upon initial receipt of cycle signal,
to reset a timing device. Should a period of time greater
than a predetermined period of time characteristic of a
probable apneic event, for example, a 30 second time
period, expire before the timer element is again reset,
tinner 130 activates alarm 132, which may be, for exam

ple, an audible and visual alarm, and causes one shot 118

sensor 40 in communication with the interior of cannula
hose 60.

It should be noted that, during the calibration process
immediately following the provision of power to the
supplementary respiratory gas supply unit, a signal is
produced by comparator 114 which, in turn, causes one
shot 118 to generate a cycle signal. This in turn causes
valve unit 20 to switch to the second position and valve
unit 30 to remain in the second mode, to place the Sup
plementary respiratory gas supply unit in a configura
tion corresponding to the inhalation portion of a respi
ratory cycle. Thus, the supplemental respiratory gas

12

tive of a pressure less than atmospheric pressure will be
produced by peak detector 112 for a period of time
which is directly dependent upon the magnitude of the
peak negative pressure indicated by the pressure indica
tive signal of the pressure sensor 40 during the peak
pressure-determination interval. The period of time
over which the modified pressure indicative signal in
dicative of a negative pressure is produced by peak
detector 112 will determine the duration of the cycle
signal produced by one shot 118 and the supplemental
respiratory-gas-administration interval over which Sup
plemental gas will be provided during the current respi
ratory cycle of the in vivo respiratory system.
In the exemplary preferred embodiment of FIG. 3, a

30

35

to produce a ground signal to provide a continuous flow
of supplemental respiratory gas to the in vivo system.
FIG. 4 is a detailed schematic drawing showing the
electrical circuitry of an exemplary preferred embodi
ment of a supplemental respiratory gas supply apparatus
comprising the present invention. In FIG. 4, portions of
the electrical circuitry which correspond to elements of
the block diagram of FIG. 3 are identified. The table
below gives the resistance in ohms and the capacitance
in microfareds of the numbered resistors and capacitors
identified by number in FIG. 4.

source will remain in communication with the interior

of cannula hose 60 and pressure port 41 of pressure
sensor 40 will be vented to ambient atmospheric pres
sure from the time of initiation of operation until com
pletion of the calibration cycle. Upon completion of the
calibration cycle, the signal produced by comparator
114 will cause one shot 118 to cease generating a cycle
signal and gas valve 20 and sensor valve 30 to be
switched to the pressure monitoring configuration.
In the exemplary preferred embodiment of FIG. 3,
when signal generator 122 signals sensor valve 30 to
switch from the first to the second mode, a slight delay
occurs due to mechanical inertia and electrical impe
dance of the supplemental respiratory gas supply appa
ratus. This natural delay period provides a peak-pres
sure-determination interval during which the negative
pressure indicative signal of pressure sensor 40 will
reach a peak value. Once the sensor valve unit 30 has
switched from the first to the second mode, the pressure
indicative signal produced by the pressure sensor 40
will immediately become indicative of atmospheric
pressure. When the peak detector 112 receives this sig
nal, indicative of a negative pressure peak followed by
a rapid pressure increase, the modified pressure indica
tive signal produced by peak indicator 112 will be indic
ative of a pressure increasing only at a limited, constant
rate with time until the modified pressure indicative
signal generated by the peak detector 112 matches the
pressure indicative signal received by peak detector

112. Thus, a modified pressure indicative signal indica

COMPONENT TABLE

Resistors (In Ohms).

45

50

R1-10
R2-12
R3-2.2K
R4-22OK
R5-11K.
R6-39K
R7-1K
R8-K
R9-0K
R10-00K
R1-OK
R12-3M
R13-8M

R14-100K
RS-OOK
R6-00K
R7-4K
R18-00K
R9.47K
R20-100K
R2-47K
R22-100K
R22-47K
R24-100K
R25-47K.
R26-100K

R27.47K
R28-100K
R29-47K
R30.00K
R31-47K
R32-100K
R34-22OK
R35-2.2K
R36-OM
R38-20K
R40-100K
R4-47K
R42-47K

R43-2.3K
R44-100K
R45-33K
R46-1OOK
R47-100K
R48-100K
R49-33K
R50-100K
RS-M
R52-M
R54-100K
RS5-OOK

Capacitors (in microfareds)
55

65

C1-100
C2-2.2
C3-.5
C4-0.22

CS-0.01
C2-5
C7-4.7
C8-10

C9-5
C10-1000
C11-1.5
C2-1000

C3-0.01
C144.7
C5-4.7
C6-1

In the upper left hand corner of the circuit diagram of
the exemplary preferred embodiment, chip 402 is a
power supply, such as are well known and available in
the industry, which boosts the voltage from a source of
power, for example dry cell batteries, the output volt
age of which may vary over time, to a constant fixed
Voltage to power the pressure sensor and control cir

cuit. In the exemplary embodiment of FIG. 4, all points
of the circuits are at or above ground when power is
provided. Chip 404 is a current source which provides

13
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current to the piezio-electric transducer. Chip 404 pro
vides current at appropriate levels to compensate for
temperature changes and provide a consistent pressure
indicative output from the sensor, for example, when
the apparatus is taken from an indoor to an outdoor
environment. The piezo-electric pressure transducer
440 provides signals to isolation amplifier circuits 406
and 408. Chip 410 is a portion of the differential ampli
fier circuit which amplifies the differential signal pro
duced by piezo-electric transducer 440 and isolation
amplifiers 406 and 408 to generate a signal to the peak
detector. In the exemplary embodiment of FIG. 4, a
decrease in pressure sensed by pressure sensor 440 re
Sults in an increase in the voltage of the signal generated
by amplifier 410. The differential amplifier circuit may
amplify the instrumentation circuit output by a factor

14
Those familiar with the art will recognize that the

sensor valve signal generator and oxygen valve signal
generator circuits of the exemplary embodiment include
analog circuit portions which provide the sensor-con
nection-delay interval and the supplemental-gas
administration delay interval, respectively. It may be

seen that the arrangement of diode 434 in the analog
timer portion of the sensor valve signal generator cir

O

generate a positive signal to cause gate 435 to energize
coil 437 to place the sensor valve in the second mode to

15

disconnect the sensor from the cannula hose and con

20

municate the sensor with the ambient atmosphere. The
arrangement of diode 438 in the gas valve signal genera
tor circuit will cause a positive signal generated by the
one shot 418 to pass through the resistance capacitance
portion of the sensor valve signal generator circuit de

of, for example, 1.3K.
Diode 412 of the peak detector isolates the control

circuit beginning with the peak detector so the modified
electrical signal produced by the peak detector circuit
flows only toward a first input point of comparator 414.

A second input point of comparator 414 is connected to
the ramp generator circuit which, together with the
latch circuit, provides initial calibration of the control
unit to the piezo-electric pressure transducer output, as

laying the signal rise at the input point of comparator
442 for a period corresponding to the supplemental-gas
administration-delay period. Only after the delay per
iod, when positive input reaches comparator 442, com
25

described in the discussion of FIG.3 above.
The ramp generator of the exemplary preferred em
bodiment comprises binary counter 416 which provides
a step function input for R-2R circuit 420. R-2R circuit
420 converts an increasing digital output of binary
counter 416 to an increasing analog signal which is

input to the second input point of comparator 414. Os
cillator circuit 424 drives binary counter 416. When the
control unit is initially energized, comparator 414 pro
duces a signal at ground. As will be understood from
the description to follow, this will energize the sensor

hose. Conversely, when one shot 418 initiates a signal at
ground, during an exhalation portion of a respiratory

30
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Those familiar with the art will also recognize that
the placement of resistors 444 in the power circuits for
the gas and sensor valves of the exemplary embodiment
allows rapid response of the poppet valves when they
are energized while conserving energy during the time
intervals over which the valves are maintained in an

Once calibration is complete, during the inhalation
portion of a respiratory cycle, when negative pressure is
sensed by sensor 440 and an increased positive signal is SO
generated by the differential amplifier circuit and peak
detector 412, the output from comparator 414 will be at
ground. Conversely, during exhalation, the output of
comparator 414 will be above ground.
55

point of one shot 418. When one shot 418 receives a
at ground which is input to the signal generator and
alarm circuits. Upon receipt of a ground signal from
comparator 414, indicating the inhalation portion of a
respiratory cycle, one shot 418 produces a positive
signal for a predetermined fixed period of time to the
signal generator and alarm circuits. Signals from one

first position, while current flowing away from compar
ator of the sensor valve signal generator must pass
through the resistance capacitance portion of the circuit
the sensor in communication with the cannula hose.

the control unit.

The output of comparator 414 is also fed to an input
positive signal from comparator 414 indicating an exha
lation portion of a respiratory cycle, it produces a signal

cycle, current may flow away from comparator 442
through the diode 438 to immediately signal compara
tor 442 to generate a positive signal to cause gate 439 to
energize coil 443 causing the gas valve to switch to the

resulting in a time delay before the input to comparator
436 is at ground and the sensor valve is de-energized to
switch from the second to the first mode again placing

by the ramp generator circuit exceeds the output of the
differential amplifier circuit. At that time, comparator
414 generates a positive signal which causes flip flop
422 to signal oscillator circuit 424 to cease driving bi
output until such time as power is no longer provided to

parator 442 generates a ground signal to open gate 439
and de-energize coil 443 to place the gas valve in the

second position in communication with the cannula

valve to place the pressure sensor 440 in communication
with the atmosphere until the analog signal produced

nary counter 416 and R-2R circuit 420. This causes the
ramp generator circuit to provide a constant threshold

cuit will result in a positive signal generated by one shot
418 in response to inhalation flowing through the diode
434 rather that the resistance-capacitance portion of
that circuit to immediately cause comparator 436 to

energized state. When the valve circuits are initially

energized, full voltage of, for example, six volts, is ap
plied during the period in which the valve changes
mode. However, after a period during which a charge
on the capacitive portion of the circuit is reduced, cur

rent to the energized valve must flow through the resis
tive portion of the circuit resulting in a lower voltage
being applied to the valve solenoid coil reducing power
dissipation in the circuit while the valve remains in the
power-on condition. If, for example, Resistors 445 are

of 33 ohms, power savings of approximately 40% may

60

be achieved during periods in which the valve is held in
the energized mode.
Each time one shot 418 of the preferred embodiment
produces a positive signal during the inhalation portion
of the in vivo respiratory cycle, light emitting diode 424

is caused to light signaling the oxygen administration
interval. Those familiar with the art will recognize that
shot 418 pass through diode 430 which, together with 65 a period chosen as characteristic of an apneic event to
diode 431, isolates signals produced by one shot 418 activate the alarm can be set by adjustment of pot 426.
from signals which may be generated by the alarm cir Should the period between respiratory cycles exceed
cuit, as discussed below.
, the set apneic event characteristic interval, for example,
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16
3. A method for supplying Supplemental gas to an in

30 seconds, the alarm timer circuit produces a positive
output to cause latch 428 to latch up. The positive signal

vivo respiratory system as in claim 1 further comprising
starting a timer device immediately upon perfor
example an acoustic alarm, on a continuing basis, and
mance of a step selected from among the steps A
pass through diode 431 to the valve signal generators to 5
through K, to determine a time of expiration of an
initiate a continuing administration of supplemental gas
to the in vivo respiratory system.
apneic event characteristic period after perfor
While an exemplary supplemental respiratory gas
mance of the selected step; and
supply apparatus embodying the present invention has
at said time of expiration of the apneic event charac
teristic period, but only if the performance of the
been shown, it will be understood, of course, that the 10
generated by latch 428 will then activate alarm 432, for

the steps of:

invention is not limited to that embodiment. Modifica

selected step has not reoccurred, activating an
aepnic event alarm.
4. A method for supplying supplemental gas to an in
vivo respiratory system as in claim 3, in which said
apneic event alarm is an acoustic alarm.
5. A method of supplying supplemental gas to an in
vivo respiratory system as in claim 3, in which said
apneic event alarm is an optical alarm.
6. A method of supplying supplemental gas to an in
vivo respiratory system as in claim 3, in which, begin
ning at the time of activation of the apneic event alarm,
supplemental gas is provided continuously to the in
vivo respiratory system.
7. A method for supplying supplemental gas to an in
vivo respiratory system as in claim 1, in which the time

tion may be made by those skilled in the art, particularly
in light of the foregoing teachings. For example, digital
timing devices might be used to control the respiratory 15
gas administration cycle of the supplemental respiratory
gas supply system rather than the analogue circuits of
the exemplary embodiment and the system might pro
vide that supplemetal gas be withheld at selected inter
vals for purposes of weaning the in vivo system from 20
dependency upon the supplemental respiratory gas. It
is, therefore, contemplated by the appended claims to
cover any such modification which incorporates the
essential features of this invention or encompasses the
true spirit and scope of the invention.
25
I claim:

1. A method for supplying supplemental respiratory interval Atsu of the step of continuing to provide Sup
gas through a single hose cannula to an in vivo respira plemental gas to the in vivo system for the time interval
tory system, comprising the steps of:
Atsup is determined as a direct proportion of the pres
A. connecting a means for sensing pressure to the 3O sure P from an arithmetic formula of the form Atsu = a
cannula hose to measure pressure within the can Pl, where a is an arithmetic constant.
8. A method for supplying supplemental respiratory
nula hose;
B. monitoring the pressure within the cannula hose gas through a single hose cannula as in claim 1 in which
until a time, to, of an initial occurrence of a pres the pressure, Pi, determined in step D is an instant pres
sure less than atmospheric pressure;

C. continuing to monitor the pressure for a predeter
mined period of time, Atc, until a time t1;
D. determining the magnitude of a pressure, P1, oc
curring within the cannula hose during the period

35 sure at time t.

9. A method for supplying supplemental respiratory
gas through a single hose cannula as in claim 1 in chich
the pressure, P1, determined in step D is the most nega
tive pressure occurring during the time Atc.
of time Atc;
40. 10. A mehtod for supplying supplemental respiratory
E. at time t1, disconnecting the pressure sensing gas through a single hose cannula to an in vivo respira
tory system, comprising the steps of:
means for the cannula hose;
F. waiting a predetermined period of time A til, until
A. connecting a means for sensing pressure to the
a time t1';
cannula hose to measure pressure within the can
G. at time t', connecting a source of supplemental 45
nula hose;
gas to the cannula hose to begin a supplemental gas
B. monitoring the pressure within the cannula hose
administration interval of providing supplemental
until a time, to, of an initial occurrence of a pressure
gas to the in vivo respiratory system;
less than atmospheric pressure;
H. continuing to provide supplemental gas to the in
C. determining the rate of change of pressure at the
vivo system for a time interval A tsup, based upon 50
time to;
the value P1, in accordance with a predetermined
D. at a time t1, not prior to time to, disconnecting the
relation, until a time t2;
pressure sensing device from the cannula hose;
I. at time t2, disconnecting the source of supplemental
E. waiting a predetermined period of time A t1, until
gas from the cannula hose to end the supplemental
a time t1';
gas administration interval;
55 F. at time t', connecting a source of supplental gas to
J. waiting a predetermined period of time A t? until a
the cannula hose to begin a supplemental gas ad
time t2';

K. at a time t2', reconnecting the pressure sensing
means to the cannula hose to again monitor the
pressure within the cannula hose; and,
60

L. successively repeating steps A through K a plural

ity of times to provide supplemental gas to the in
vivo respiratory system on a continuing basis.
2. A method for supplying supplemental gas to an in
vivo respiratory system as in claim 1, comprising an 65
additional first step of:
calibrating the pressure sensing means at ambient
atmospheric pressure.

ministration interval of providing supplemental gas.
to the in vivo respiratory system;
G. continuing to provide supplemental gas to the in

vivo system for a time interval A tsu, based upon

the rate of change of pressure determined in step C,
in accordance with a predetermined relation, until
a tune t2;
H. at time t2; disconnecting the source of supplemen
tal gas from the cannula hose to end the supplemen
tal gas administration interval;
I. waiting a predetermined period of time A to after
time t2, until a time t2';

17.
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J. at time t2', reconnecting the pressure sensing means
to the cannula hose to again monitor the pressure
within the cannula hose; and,
K. successively repeating steps A through Ja plural
ity of times to provide supplemental gas to the in 5

vivo respiratory system on a continuing basis.
11. A method for supplying supplemental respiratory
gas through a single hose cannula to an in vivo respira

tory system, comprising the steps of:
A. connecting a means for sensing pressure to the 10
cannula.hose to measure pressure within the can
nula hose;

B. monitoring the pressure within the cannula hose
until a time, to, of an initial occurrence of a pres
sure less than atmospheric pressure;
5
C. waiting a predetermined period of time, Atc, until
a time t1;
D. determining the magnitude of a pressure, P1, oc
curing within the cannula hose during the time Atc;
E. at time t1, disconnecting the pressure sensing 20

tory system;

G. continuing to provide supplemental gas to the in

cannula hose to measure pressure within the can
nula hose;

B. monitoring the pressure within the canula hose
until a time, to, of an initial occurrence of a pressure
less than atmospheric pressure;
C. at time t, not prior to to, disconnecting the pres
sure sensing device from the cannula hose;

D. at a time t1', not prior to t1, connecting a source of
supplemental gas to the cannula hose to begin a
supplemental gas administration interval of provid
ing supplemental gas to the in vivo respiratory

E. continuing to provide supplemental gas to the in
vivo system for a time interval Atsu, until a time t2;

at time t2, disconnecting the source of supplemental
gas from the cannula hose to end the supplemental
gas administration interval;

H. waiting a predetermined period of time At2, until a
time t2';
I. successively repeating the steps A through H a

vivo system for a time interval A tsup, based upon
the value P in accordance with a predetermined
relation, until a time t2;

respiratory system on a continuing basis.

13. A method for controlling the supply of a supple
mental respiratory gas through a single hose cannula to
an in vivo respiratory system, comprising the steps of:
A. connecting a means for sensing pressure to the

system;

means from the cannula hose;

F. at a time t'1, not prior to time t1, connecting a
source of supplemental gas to the cannula hose to
begin a supplemental gas administration interval of
providing supplemental gas to the in vivo respira- 25

H. at time t2, disconnecting the source of supplemen
tal gas from the cannula hose to end the supplemen
tal gas administration interval;

18
continuously monitor the pressure within the can
nula hose; and,
J. Sucessively repeating steps A through I a plurality
of times to provide supplemental gas to the in vivo

30

plurality of times to provide supplemental gas to
the in vivo system on a continuing basis.
14. An apparatus for supplying supplemental respira
tory gas from a gas source through a single hose can
nula to an in vivo respiratory System during successive

I. at time t2', reconnecting the pressure sensing means
to the cannula hose to again monitor the pressure 35 respiratory cycles, each cycle beginning with a respira
tory demand by the in vivo respiratory system charac
within the cannula hose; and,
J. Successively repeating steps A through I a plurality terized by a negative pressure occurrence at an inter
of times to provide supplemental gas to the in vivo face between the cannula hose and the in vivo system,
comprising:
respiratory system on a continuing basis.
12. A method for supplying supplemental respiratory 40 means for sensing pressure and generating a pressure
indicative signal representative of the magnitude of
gas through a single hose cannula to an in vivo respira
tory system, comprising the steps of:
the pressure sensed;
A. connecting a means for sensing pressure to the
alternative communication means responsive to first
cannula hose to measure pressure within the can
nula hose;

B. monitoring the pressure within the cannula hose
until a time, to, of an initial occurrence of a pres
sure less than atmospheric pressure;
C. waiting a predetermined period of time, Atc., after

45

control signals to switch between two alternative
nodes, a first mode communicating said pressure.
sensing means with the cannula hose so that a pres

sure with in the hose can be monitored and a sec

ond mode communicating said pressure sensing
means with ambient atmospheric pressure;
time to, until a time t1;
50 means for connecting the apparatus to a source of
Supplemental gas;
D. determining the magnitude of a pressure, P1, oc
curring within the cannula hose during the time
valve means responsive to second control signals to
Atc;
switch between two alternative positions, said
E. at time t1, disconnecting the pressure sensing de
valve means isolating the source of supplemental
vice from the cannula hose;
55
gas from the cannula hose when in the first position
F. at time t1', connecting a source of supplemental gas
and allowing supplemental gas from the source to
flow into the cannula hose when in the second
to the cannula hose to begin a supplemental gas
position;
administration interval of providing supplemental
gas to the in vivo respiratory system;
control means, including timing means, for receiving
G. continuing to provide supplemental gas to the in 60.
said pressure indicative signal and selectively gen
erating said first and second control signals, said
vivo system for a time interval Atsup, based upon
the value P in accordance with a predetermined
control means responsive to initiation of operation
relation, after t, until a time t2;
of the apparatus to generate said first control signal
H. at time t2, disconnecting the source of supplemen
to place said alternative communication means in
tal gas from the cannula hose to end the supplemen- 65
said first mode and said second control signal to
tal gas administration interval;
place said valve means in said first position to cause
I. at a time t'2; not prior to time t2, reconnecting the
said pressure sensing means to sense a pressure
pressure sensor device to the cannula hose to again
within the cannula hose, said control means there

19
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after receiving said pressure indicative signal and
generating said first and second control signals in
accordance with said pressure indicative signal,
said control means responsive to initial reception of
a pressure indicative signal indicative of a pressure
less than atmospheric pressure, at a time to, to initi
ate a sequential, supplemental-gas-administration

20
tration interval defined by said sequential cycle of said

control device, A tsu, is directly proportional to the
amount by which the pressure, P1, indicated by the
pressure sensing means at the time said alternative com
5

cycle by generating a firt control signal at a time t1,
a predetermined time interval. A to after time to, to
switch said alternative communication means to its O

second mode; generating a second control signal at
a time t1', a predetermined time interval A t1 after
time t1, to switch said valve means from said first

position to said second position to begin an interval
of supplemental respiratory gas administration;
generating said second control signal at a time t2, a

15

time interval A tsup after time ti", to switch said

valve means from the second position to the first
position to end the interval of supplemental gas
administration and thereby define a period of sup

the pressure sensed;

means for providing alternative fluid communication,
20

plemental gas administratt)n, Atsup; generating a
time interval A t2 after time t2, to switch said alter
native communication means to its first mode to
25

30

native communication means provides fluid com
munication between said pressure sensing means
and an ambient atmosphere so that said pressure
sensing means generates a pressure indicative sig
nal indicative of ambient atmospheric pressure,

35

said alternative communication means responsive
to a first and second control signal to switch to the
first and second naode, respectively;
means for controlling a flow of supplemental gas, said
gas flow control means in fluid communication

with a source of supplemental respiratory gas and

tion interval, A tsu, defined by said sequential cycle of

said control means is a predetermined constant time
period.
17. A supplemental respiratory gas supply apparatus
as in claim 14 in which the supplemental gas administra

40

tion interval, A tsup, defined by said sequential of said

control means is a time period determined as a function
of the most negative pressure magnitude occurring
during time interval Atc.

45

18. A supplemental respiratory gas supply apparatus

as in claim 14 in which the supplemental gas administra

tion interval, A tsu, defined by said sequential of said

SO

control means is a time period determined as a function
of the rate of change of pressure with time at the time of

the initial reception of a pressure indicative signal indic
ative of a pressure lower than atmospheric pressure, to.

19. A supplemental respiratory gas supply apparatus 55

as in claim 14 in which the time interval A te is deter

mined by electrical impedance and mechanical inertia
of the supplemental respiratory gas supply apparatus,
including the control means.

20. A supplemental respiratory gas supply apparatus
as in claim 14 in which the supplemental-gas-administra

munication means provides fluid communication
between said pressure sensing means and an inte
rior portion of the cannula hose so that said pres
sure sensing means senses a pressure in the portion
of the cannula hose and generates a pressure signal
indicative thereof, and a second mode in said alter

supplemental-gas-administration cycles in response

to demand by the in vivo respiratory system.
15. A supplemental respiratory gas supply apparatus
as in claim 14 further comprising:
means for calibrating said control means at ambient
atmospheric pressure.
16. A supplemental respiratory gas supply apparatus
as in claim 14 in which the supplemental-gas-administra

said alternative communication means having two
modes, a first mode in which said alternative com

first control signal, at a tile t2', a predetermined

communicate the pressure Sensing means with the
cannula hose and allow said pressure sensing means
to generate a pressure indicative signal indicative
of the pressure within the cannula hose; said con
trol unit thereafter responsive to said pressure in
dicative signal to initiate continuing, successive,

munication means is switched to its second mode, t1, is

below atmospheric pressure.
22. An apparatus for supplying supplemental respira
tory gas as in claim 14 in which said valve means is in
the first position when in repose in a power off condi
tion so that, in the event of a power failure, supplemen
tal respiratory gas is continuously provided to the in
vivo respiratory system.
23. An apparatus for supplying Supplemental respira
tory gas through a single hose cannula to an in vivo
respiratory system comprising:
means for sensing pressure and generating a pressure
indicative signal representative of the magnitude of
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having two positions, a first position in which said
flow control means isolates the supplemental gas
source from the cannula hose and a second position
in which said gas flow control means provides fluid
communication between the gas source and the
cannula hose so that Supplemental respiratory gas
flows into the cannula hose, said gas flow control
means responsive to a third and fourth control
signal to switch to the first and second position,
respectively;
means for receiving said pressure indicative signal,
determining when said pressure indicative signal is
indicative of a negative pressure less than atmo
spheric pressure, and, upon receiving such a nega
tive pressure indicative signal, generating a cycle
signal continuously until its termination at the end
of a cycle time interval;
means for controlling the mode of said flow control
means in response to said cycle signal, said mode
control means operative to receive said cycle signal
and generate said third and fourth control signals in
such a manner as to switch said flow control means

tion interval, A. tup, defined by said sequential cycle of

in the second position and maintain said flow con
trol means in said second position continuously

sensor at the time, t1, that said alternative communica

until a gas disconnect time following the time of
initial generation of said cycle signal by a predeter
mined gas-connect-delay interval, Switching Said
flow control means from said first position to Said

from a time said cycle signal is initially generated

said control means, is a time period determined as a
function of a pressure, P1, indicated by the pressure
tion means is switched to its second mode.

21. A supplemental respiratory gas supply apparatus
as in claim 20, in which the supplemental-gas-adminis
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second position at said gas connect time and main
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taining said flow control means in said second posi in repose in a power off condition so that, in an ocur
tion continuously while said cycle signal continues rence of power failure, supplemental respiratory gas is
to be generated over a remainder of the cycle time continuously provided to the in vivo respiratory sys
interval, and upon the termination of said cycle ten,
signal, switching said flow control means from the 5 27. An apparatus for supplying supplemental respira
second position to the first position and maintain tory gas as in claim 25 in which said alternative commu
said flow control means in the second position until nication means and said supplemental gas control means
said cycle signal is again generated; and
each comprise a poppet valve.
28. An apparatus for supplying supplemental gas, as
means for controlling the mode of said alternative
communication means in response to said cycle 10 in claim 25 in which said cycle signal is of a duration
signal, said mode control means operative to re which is a multiple of a pre-determined incremental
ceive said cycle signal and to generate said first and time period.
29. An apparatus for supplying supplemental respira
second control signals in such a manner as to
switch said alternative communication means from
tory gas as in claim 25 further comprising:
the first mode to the second mode immediately 15 means for switching said alternative communication
upon generation of said cycle signal and to continu
means to the second mode when power is first
supplied to the apparatus;
ously maintain said alternative communication
means in said second position while said cycle sig
latch means to produce a first latch signal when
power is first supplied to the apparatus and to pro
nal is generated over the cycle time interval and for
duce a second latch signal upon generation of a
an additional predetermined fixed sensor-connect 20
cycle signal; and,
delay interval, and thereafter switching said alter
native communication means to the first mode and

maintaining said flow control means in the first
mode continuously until the cycle signal is again
generated.
25
24. An apparatus for supplying supplemental respira
tory gas through a single hose cannula as in claim 23 in
which said cycle signal is of a duration which is a multi
ple of a pre-determined incremental time period.
25. An apparatus for supplying supplemental gas, as 30
in claim 23 in which said cycle signaling means com
prises:
means for retaining a negative peak in said pressure
indicative signals, said peak retaining means inter
posed between said pressure sensing means and 35
said comparing and signaling means and operative
to receive said pressure indicative signal and to
produce a modified pressure indicative signal, said
modified pressure indicative signal indicative of a
pressure identical to the pressure indicated by said 40
pressure indicative signal of said pressure sensing
means except beginning at a time when the rate of
pressure increase indicated by said pressure indica
tive signal exceeds a predetermined rate of in
crease, said modified pressure indicative signal 45
indicating a pressure increasing at a constant prede
termined rate of pressure increase equal to said
predetermined rate beginning at said time of excess
rate increase until a time said modified pressure
indicative signal is again indicative of a pressure 50
identical to the pressure indicated by said pressure
indicative signal, said modified pressure signal
thence remaining identical to the pressure indi.
cated by said pressure indicative signal until a pres
sure increase indicated by said pressure indicative 55
signal again exceeds the predetermined rate of
increase; and

means for comparing and signaling, adapted to re
ceive both said modified pressure indicative signal
and a calibrated atmospheric pressure indicative
signal and compare said pressure indicative signal
to said calibrated atmospheric pressure indicative
signal and to generate a cycle signal when said
pressure indicative signal is indicative of a pressure
less than atmospheric pressure.
26. An apparatus for supplying supplemental respira

tory gas as in claim 25 in which said supplemental respi
ratory gas control means is in the second position when

65

ramp signal generating means operative to receive

said latch signals and, in response to said first latch
signal, to generate a trial calibration atmospheric
pressure indicative signal beginning at a pressure
indicative value higher than a predetermined atmo
spheric pressure indicative value and indicative of
a pressure decreasing at a constant rate over time
until receiving said second latch signal and thereaf
ter to generate a constant calibrated atmospheric
pressure indicative signal until the power is cut off.
30. An apparatus for supplying of a supplemental
respiratory gas through a single hose cannula to an in
vivo respiratory system as in claim 23 in which said
cycle time interval is determined based upon a momen
tary rate of change of the pressure signal at the time of
said negative pressure indication.
31. In a supplemental respiratory gas supply appara
tus for providing supplemental respiratory gas to an
invivo respiratory system through a cannula hose in
response to demands of the invivo system, the system
having a pressure sensor, a source of supplemental res
piratory gas at a pressure greater than atmospheric
pressure and control means, said control means opera
tional to connect and disconnect said sensor to the can

nula hose at a point of sensor communication to monitor
pressure within the hose and to connect and disconnect
said gas source to said cannula hose to introduce supple

mental gas into the hose during periods of supplemental
gas administration, the improvement comprising:
said control means disconnecting said sensor from
said cannula hose during the periods of supplemen
tal gas administration and including means for
maintaining said sensor disconnected from said
hose during a predetermined sensor-connect-delay
interval after disconnecting said source from said
hose thereby allowing pressure gradients within
the hose resulting from the introduction of respira
tory gas into the hose to reduce sufficiently to
assure pressure at the point of sensor communica
tion is not sufficient to damage or aggravate drift of
the sensor before connecting said sensor to said
hose to monitor pressure within the hose.
32. In a supplemental respiratory gas supply appara

tus for providing supplemental respiratory gas to an in
vivo respiratory system through a cannula hose in re
Sponse to demands of the in vivo system characterized
by an occurrence of negative pressure at a point of
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system, the system having a means for sensing pressure
within the cannula hose, a source of supplemental respi
ratory gas and a control means, said control means

operational to connect said gas source to the cannula
hose to introduce supplemental gas into the hose over
periods of supplemental gas supply intervals and to

5
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thereafter introducing supplemental gas into the hose
for a supply interval of a duration determined by
said rate of charge of pressure.
34. A method for controlling a supplemental respira
tory gas supply apparatus for providing supplemental

respiratory gas to an in vivo respiratory system through
a cannula hose in response to demands of the in vivo
system characterized by an occurrence of negative pres
sure at a point of interface between the cannula hose
and the in vivo system, the system having a means for
sensing pressure within the cannula hose, a source of
supplemental respiratory gas and a control means, said
control means operational to connect said gas Source to
the cannula hose to introduce supplemental gas into the

hose over periods of supplemental gas supply intervals

and to disconnect said source from said hose to end the

respiratory gas to an in vivo respiratory system through
a cannula hose in response to demands of the in vivo
system characterized by an occurrence of negative pres
sure at a point of interface between the cannula hose
and the in vivo system, the system having a means for

duration of supply intervals, comprising the steps of
monitoring the pressure within the cannula hose to
detect an initial occurrence of negative pressure;
determining the rate of change of pressure at the time
of said initial occurrence; and,

disconnect said source from said hose to end the dura

tion of supply intervals, a method of control comprising
the steps of;
monitoring the pressure within the cannula hose to
detect an initial occurrence of negative pressure;
determining the largest magnitude of negative pres
sure occurring over a sample period following said
initial occurrence of negative pressure; and
thereafter introducing supplemental gas into the hose
for a supply interval of a duration determined by
said largest magnitude of negative pressure.
33. A method for controlling a supplemental respira
tory gas supply apparatus for providing supplemental
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and to disconnect said Source from Said hose to end the

interface between the cannula hose and the in vivo

25

sensing pressure within the cannula hsoe, a source of
supplemental respiratory gas and a control means, said

duration of supply intervals, comprising the steps of
monitoring the pressure within the cannula hose to
detect an initial occurrence of negative pressure;
determining the magnitude of an instant pressure
occurring within the hose at a predetermined time
after said initial occurrence; and

thereafter introducing supplemental gas into the hose
for a supply interval which is determined by the
magnitude of Said pressure.

control means operational to connect said gas Source to
the cannula hose, to introduce supplemental gas into the
hose over periods of supplemental gas supply intervals
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